Abstract-Artery reconstruction in upper extremities is rare performed compare to the incidence of reconstruction in lower extremities. In many cases, primary vascular repair was performed, whenever, otherwise, the interposition vein graft or venous bypass grafting were used in order to alleviate vascular occlusion. However, after grafting technique are applied, one or more of the digital arteries are blocked or severely narrowed because of mismatch of end-to-side or end-to-end reverse saphenous vein graft. The objective of this study was to understand the end-to-end blood flow influence on reverse saphenous vein graft with small diameter. The finite volume method was employed to model the 3-D blood flow pattern to determine the velocity, pressure gradient, flow, wall shear stress, flow resistance and longitudinal impedance (Z L ). We expected that reverse saphenous vein graft behave hydraulically like provide straight graft. Furthermore longitudinal impedance modulus (Z L ) is expected to be inverse proportional to small diameter.
INTRODUCTION
The artery reconstruction in upper extremities is rarely performed compared to the reconstruction in lower extremities, first described by Berg et al. [1] and Jocelyn. The artery reconstructive choice as reported by Shalabi et al. [3] are the interposition vein graft or venous bypass grafting were applied to patient who suffered with atherosclerosis [4] . The saphenous vein graft has been proposed as ideal vein graft as previously reported by Grodin. et al. [5] and Minale et al. [6] because having advantage in lesser number of proximal anastemoses that mean. This will reduce operation time and also improved the hemodynamic result [5, 6] .
However, the lifespan of the graft is unpredictable and, despite the initial technical success performed by surgeon, there are still many vein graft failure cases that had been reported [4, 7] . Based on paper review, vein graft diameter is seen as a predictor for the long-term patency as described [7] [8] [9] [10] [11] [12] [13] .
Several numerical studies have been conducted that relate to graft patency, but all of them focused with hemodynamic study on lower extremity. In this paper we proposed to investigate hemodynamic environment on the upper extremity based on numerical method that have been used in hemodynamic study on lower extremity [7] [8] [9] . The objective of the present study is to determine the velocity, pressure gradient, wall shear stress, flow resistance and to study the influence of reverse vein graft survival [7, 8] .
Straight reverse saphenous vein graft had been proposed for fluidic properties validation in this study as any fluid flows through in straight tube provided very accurate fluidic basic properties.
II. METHODOLOGY

A. Geometry Description
The dimension of the conduits, namely the reverse saphenous vein graft were obtained from George D. Chloros et al. [4] , Tariq Ashraf et al. [14] , Lee Stoner et al. [15] and Nicholas et al. [16] . The three-dimensional geometry of the reverse saphenous vein graph model ( Fig. 1) was constructed using the commercial fluid dynamic software GAMBIT. The graft length and diameter is provided in Table 1 : 
B. Model Properties and Flow Conditions
The blood was assumed to be an incompressible fluid, Newtonian fluid with a dynamic viscosity (μ) of 0.003 kg/m-s. The density (ρ) of blood was taken to be 1050 kg/m 3 . The RSVG wall was taken to be rigid, the non-slip conditions were applied at the RSVG walls and the flow was laminar.
C. Governing Equations
For three dimension flow condition, the conservation of mass and linear momentum are expressed by the equation of continuity and Navier-Stokes, respectively, as: (1) (2) Where v denotes the velocity vector and p denotes the pressure in three dimensions. The velocity distribution was obtained by calculating the above equations to the inlet boundary condition given below.
D. Boundary Conditions
The inlet boundary conditions to the model were 6.2cm/s as a velocity and velocity-inlet as a zone and the zone for the outlet boundary conditions to the model was pressure-outlet. For the wall boundary conditions was set as wall zone, while the specify continuum type for the whole reverse saphenous vein graft model have been specified as fluid (default setting by software).
E. Computational Fluid Dynamics Software
The computational fluid dynamics simulations software FLUENT V12 was performed by using a control volumebased technique. In the numerical solution as given by Fluent, the governing equation (1), (2) (linear momentum and conservation of mass) were solved rapidly. Although the equations are steady and simple, several iteration of the solution loops were needed before a solution result was fully converged. By applying this approach, the resultant algebraic equations for the dependent variables (the flow velocities) in each control volume were solved by a Green-Gauss Cell Based for linear equation solver and discretizations method. The governing equations were calculated rapidly until calculations of all flow variables were converged. The number of iterations was set as 400.
III. RESULTS AND DISCUSSION
A. Flow observation
The blood flow characteristics in reverse saphenous vein graft model were observed right after the iterations were converged. For simulation validation, time was set as steady state instead of transient (t=0s). The computed velocity vectors have been chosen (at result monitor) for the flow velocity observation of the symmetry plane of RSVG model. From the flow simulation, velocity vectors are shown in different regions, as shown in Figure 2 . As the Newtonian fluid flow through the graft, blood viscous effects cause it to stick to the graft wall (the non-slip boundary condition). This is true whether the fluid is relatively a very viscous oil e.g. crude oil or inviscid air. The graft wall boundary layer in which viscous effects are important is produced along the graft(how is it important). The blood reaches the fully developed flow after the blood flows over the entrance region flow shown in The blood flow enters the reverse saphenous vein graft model, section (1), the entering blood flow being uniform, v mean . As soon as the blood flow flows the reverse saphenous vein graft many changes take place. The most important characteristic of these is that blood viscosity imposes itself on the blood flow and non-slip boundary condition at reverse saphenous vein graft wall boundary comes into effect. Consequently in the three dimensions blood velocity components are each zero on the wall, ie., u=v=w=0. The blood flow adjacent to the straight reverse saphenous vein graph model decelerates continously. We have a wall layer close to the reverse saphenous vein graft model where the blood velocity builds up slowly from zero velocity,(u=v=w=0) at reverse saphenous vein graft wall to a uniform velocity towards the center of the reverse saphenous vein graft. This wall layer is what is called the wall boundary layer. Blood viscous effects are dominant within the reverse saphenous vein graft wall boundary layer. Outside of this reverse saphenous vein graft wall is the inviscid core where viscous effects of blood are negliglible or absent.
The wall boundary layer of reverse saphenous vein graft is not a static phenomenon; it is dynamic wall boundary layer. The blood flow grows meaning that its thickness increases. From Figure 3b it is seen that the boundary layer from the wall grows to such an extent that they all merge on the center line of the reverse saphenous vein graft model. Once this takes place, inviscid core terminates and the blood flow becomes all viscous. The blood flow is now called a fully developed flow as shown in Figure 3b . The blood velocity profile becomes parabolic. The blood velocity profile does not vary in the blood flow direction, x-axis direction as the blood flow is fully developed. The pressure gradient and shear stress in the flow are in balance condition in this region.
For validation purpose, we also decided to monitor blood flow at the reverse saphenous vein graft model outlet. This because the velocity profile are same as Region (2) . In Figure  3c , it is seen that the blood flow at the reverse saphenous vein graft outlet still keeps the fully developed flow velocity profile as v max . However, results for fully developed blood flow and also outlet blood velocity did not achieve theoretical v max , further investigation need to be conducted in the future.
B. Wall Shear Stress Observation
The wall shear stress distributions were also observed. The blood wall shear stress is computed as a radial gradient of blood velocity and the product of blood viscosity. Figure 4 illustrated the contours of the blood wall shear stress in reverse saphenous vein graft. Maximum wall shear stress is seen at the reverse saphenous vein graft entrance region and high wall shear stress at the whole reverse saphenous vein graft which perhaps due to small diameter of the reverse saphenous vein graft.
C. Pressure Gradient
Pressure gradients, ΔP, across the reverse saphenous vein graft received considerable attention in vascular surgery procedure. In fact, it is very sensitive to change in vein graft resistance, so is also have predictive value for patency. 
IV. CONCLUSION
The computed results have revealed that the reverse saphenous vein graft model behave hydraulically like provide straight graft model. In the future, we will propose to investigate blood flow in tapered and sinusoidal reverse saphenous vein graft model as to remodeling closely like the real condition of reverse saphenous vein graft. We will also simulate the reverse saphenous vein graft in unsteady time instead of steady time state simulation. We decided to do a steady state simulation in order for experiment validation. After that, comparison in longitudinal impedance between simulation result and clinical result will be studied, perhaps due to local environment of reverse saphenous vein graft.
The long-term survivals of vein grafts are strongly depend on the size and quality of the venous conduit. As stated before, internal diameter and longitudinal impedance (Z L ), have predictive value for vein graft survival. However, other variable problem variable, such as pressure gradient, flow rates, shear stress and resistances, carry less predictive value for vein graft long-term survival.
